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COMPLETE SPECIFICATION 

Improvements in or relating to methods of and means for 
Radioactivation Analysis^ 



Wcj United Kingdom Atomic Energy 
AUTHOMTY, London, a British Authority, do 
hereby dedare the invemioii^ for whidi we 
pray that a patent may be granted to us, and 
the method by which it is to be peaf ormed, to 
bz particulariy described in and by the follow- 
ing statement: — 

This invention relaCK to methods of and 
means for radioactivation anal]^s. 

The concentration of trace elements in a 
base material can <rften be measured by radio- 
activation analysis, in which thz whole sample 
is irradiated with neutrons and the resulting 
radiations then measured. By using a scintilla- 
tion counter and pulse amplitude analyser 
(kicksocter) to measure gamma rays of a par- 
ticular energy characteristic of each trace 
element, the radiations can sometimes be 
measured selectively without the need for 
chemical separation. 

Accurate analy^s becomes difficult when the 
range of pulse amplitudes selected by the kick- 
sorter includes those of pulses a ri s ing from 
radiations of the base material. Such pulses 
may arise either (a) firom the omtinuous spec- 
trum dt recoil dectrons corresponding to the 
Compton Scattering of higher energy gamma- 
rays within the phosphor, or (b) from gamma 
raye emitted by other constituents of the base 
material, whose energies are too dose to the 
required energy to be resolved. 

It has already been shown (Peirson, Brit. J. 
AppL Phys. vol. 6, p. 444, 1955) that the spec- 
trum of recoil dectrons can be eliminated by 
observing a source simultaneously with two 
scintillation counters^ using NaI(Tl) and 
anthracene respectively as phosphors. By suit- 
able matching, ilie output of the anthracene 
counter (which records the recoil ^ectnm 
only) can be subtracted feom that of the 
NaI(Tl) counter, to leave only the photoelec- 
tric responses of the latter. 

Jn many practical problems, the element to 



be analysed is an additrve;, and samples of the 
base material without the additive are avail- 
able. Assay is sin:q>le when the additive can 
be made radioactive before addition, but this 
is not always practicable. It is an object of the 
present invention to provide a method of and 
means for determining the concentration of a 
trace dement in a base material when samples 
of the base material without the trace dement, 
or samples of the constituent elements of the 
base matexial, are available. 

Aooardmg to the jmsent invention a method 
of deternunxng the ooaoentraticm of a speci- 
fied dement in the presence of one or more 
other dements comprises deriving smultane- 
ously dectrical outputs corresponding to the 
g^mna-ray spectra of a first irradiated sample 
of the mixture of dements induding the sped- 
fied dement, and of a second irradiated sample 
exduding said specified dement but indud- 
ing at least one of said other dements, the dif- 
ference between said outputs being recorded 
whereby die resultant spectrum effectivdy iso- 
lates the photodectric^peak or peaks ctf the 
specified dement. 

The second sample may consist of a further 
irradiated quantity of an original mixture to 
which the specified dement was added. Alter- 
narivdy the second sample may be composed 
of pure irradiated samples of the constituent 
dements <rf the mixture, successivdy added 
imril the photodectric peak or peaks of the 
specified dement are effectivdy isolated. 

The concentration of the specified el eme nt 
may be estimated dixecdy from the hdght of 
its photodectric peaks, or may be detemuned 
hy adding a measured sonount of the irradiated 
trace dement to the seomid sample until its 
peak or peaks are suppressed. 

Also according to the present invention, 
means for determining the concentration of a 
specified dement in the presence of one 
more odier dements comprises two similar 
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sdntfllation counters having phospliors with 
matched energy resolution and responsive to 
photoelectric absorption, means whereby eadi 
of two sources may be located at a variable 
5 distant from each of said counters, gamna- 
ray shielding means whereby radiation from 
each said source is received by only one of 
said counters, and means whereby the ganma- 
ray spectra of the two sources are denved 
10 amultaneously^ subtracted and record ed. 

The ^hc^hors may be thallium-activated 
sodium iocQde crystals. ^ 

To enable the natoie <rf the invention to be 
more readily understood, attention is directed 
15 towards the drawings accompanying the pro- 
visional specification wherein: — 

F5g, 1 is a block sdiematic diagram of an 
embodiment of the invention; and 

Figs. 2 and 3 show spectra plotted fliere- 

20 wiA. , . - - 

In Fig. 1 similar photomultiplier tubes 1 
and 2 are shown ydih their photo-cathodes 
exposed to similar matched thallium-actiyated 
sodium iodide ctystals 3 and 4 respecttvdjN 
25 Oystals 3 aud 4 are exposed to sources 5 and 
6 reroectivdy whose distance from dien: res- 
pective crystals can be varied. A gamma-rav 
shield 7 prevents radiation from source > 
reaching crystal 4 and radiatim from source 
30 6 reaching crystal 3. The i^otomultiphers are 
tendered inoperative in turn by a svwtch 8 
which earths tto first dynodes, so that an 
amplifier 9 receives die output of each m 
tan. The switch 8 is operated by a multi- 
35 vibratOT (not shown) ^ch generates a 0.5 
sec duration square wave. The amphfier out- 
nut is fed to a single-channel pulse ampUtude 
analyser 13 whose discriminator bias is varied 
by a potentiometer ganged to the driving 
40 uMchamsmofaiecoiderlO.Tbeoutputofd^ 
Kcfaorter is amnected through a switch 11^ 
operated m syndiironism with the switch 8, 
toa double ratcmeter 12. The output of dns 
raceaneter is proportiqpal to &e ditter^e 
45 between the pulse rates at the two inputs. The 
above circuit arrangement is die same as that 
described by Peirson in die paper already 
referred to. except diat both of the present 
sdntillation counters detect photodectnc scm- 
50 tillators. , - - 

In operation one of the sources (source 5 f 
erample) ransists an fcradkted sample cS 
a mixture <rf elements indudmg tiw element 
to be determined. In one mediod of determma- 
35 tion the other source (source 6 in this ^ample) 
consists of an irradiated sample of me rame 
mixture excluding die dement^ the lattw ha^ 
ins been an additive to the mixnire. The HT 
vStages on the two counters are adjusted to 
60 nroduce equal pulse ampUtudes for gamma- 
rays of equal energies and die source distances 
are adjusted to match counting rates. Undo: 
these conditions the difference between the 
mia-ray spectra <£ the two samples plotted 
die equipmait, whidi is displayed t>y the 



teccvder, cx)n^ts of the spectrum of the added 
element only. . 

An example of such a measurement is shown 
in Fig. 2. The object was to determine die 
amount of sdentum decolouriser which had 70 
been added to some glass. Samples of the glass 
with and witiiout the selenium additive were 
irradiated m a nuclear reactor and thdr spec- 
tra plotted. The counter HTs and source dis- 
tances were adjusted to match pulse ampli- 75 
tudes and counting rates respectively at an 
energy above those of the Se^* gamma-rays. 
Curve (c) shows the resultant spectrum and 
curve (d) shows by comparison the spectrum 
obtained from a pure Se^* source. From the 80 
latter the selenium content of the glass (17 
p.p.m.) could be deduced Curves (a) and (b) 
show the complete spectra of the glass con- 
taming the added element , and <rf the glass 
vrithoui the added element respectively, which 85 
are subtracted to produce the spectrum (c). 
The difference in selenium content as deduced 
from the two individual peaks (at 0.138 and 
0.269 MeV) is 5%, indicatinjg that the error 
in b^ianrnng is smaDj though it does introduce 90 
an increased statistical fiuctuatioiL 

A null method of determining the selenium 
content is to add a measured quantiqr of Se" 
to the balancing source of glass without addi- 
tive until the Se" peaks disappear. 95 

Fig. 3 shows how an unwant^ spectrum in 
a mixture can be suppressed ndng a separate 
irradiated sample of the constituent re^n- 
sible for the unwanted spectrum. Curve (a) is 
die icecord obtained wirii a 1^°' source 100 
exposed to one of the counters^ showing the 
0.28 MeV photoelectric peak Without mov- 
ing the Hg^°' source, a Se^^ source was then 
added to it. This comttned Hg^'^VSe" source 
simulated an irradiated mixture of mercury 105 
and selenium in which it was desired to deter- 
mine the quantity of mercury. Curve (b) shows 
the resulting composite spectrum, in which the 
Ow27 MeV peak erf Sc" vras superimposed on, 
and completely masked, the Hg=^"^ peak, so 110 
makmg it impossible to determine tbe Hg*°' 
contenL Another Se" source was then applied 
to die second counter and balance obtained 
by adjusting the source distance until the iso- 
lated 0.45 MeV Se" peak disappeared 115 
Curve (c) shows the Hg'^'^ peak as it appeared 
after subtraction. Agreement between the 
areas under the Hgf°^ peaks in curves (a) and 
(c) is within 7%. The method can be extraided 
to suppress several unvranted spectra by intro- 120 
dudi^ saosssive irradiated samples of the 
appropriate constituents at the balancing 
cpimter, provided isolated peaks arc available 
for balancing out. 

WHAT WE CLAIM IS:— 125 
1. A method of decerminmg the concentra- 
tion of a specified dement in the presence of 
one or more other dements comprising deriv- 
ing simultaneously dectrical outputs corre- 
sponding to the gamma-ray spectra of a first 130 
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irradiated sample ot the one or more other 
elements and me specified element, and of a 
second irradiated s^nple esduding said speci- 
fied element but induding at least one of said 

5 odier elements^ the difierence between said 
outputs .being recorded whereby the resultant 
spectrum effectively isolates the photoelectric 
peak or peaks of the specified element. 

2. A method as claimed in Oaim 1 wherein 

10 said one or more other elements constitute 
a material to which the specified element has 
been added, and the sea>nd sample is an irradi- 
ated sample of said material exduding said 
specified elemenL 

15 3. A method as claimed in Qaim 1 wherein 
the second sample comprises separate irradi- 
ated samples of at lean one of said one or 
more other elements. 

4. A method as claimed in any preceding 
20 daim comprising adding measured amounts of 

the irradiated specified element to the second 
sample undl die peak or peaks associated 
with the specified edement are suppressed. 

5. Means for determining tbe concentration 



of a specified element in the presence cf one 25 
or more odier elements comprising two similar 
scintillation counters having phosphons with 
matched energy resolution saA responsive ro 
photoelectnc absorption, means whereby eadi 
of two sources nmv bp located at a variable 30 
distance from each of said counters, and 
gamma-ray shidding means whereby radiation 
from each said source is received by only one 
of said counters, whereby the gamma-ray 
spectra of the two sources can be derived 35 
smultaneously, subtracted and recorded. 

6. Means as daimed in Claim 5 wherein the 
phosphors are thallium-acdvated sodium 
iodide crystals. 

7. Means ioz determining the concentration 40 
of a specified dement in ihe presence of one 

or more dements substantially as hereinbefore 
described with reference to the drawings 
accompanying the jnrovisional specification. 

S G BARTLETT, 
Chartered Rttent Agent, 
Agent for Applicants. 



PROVISIONAL SPECIFICATION 

Improvements in or relating to methods of snd meanstfor 
Radioactivation Analysis 



45 Uktted Kingdom Atomic E^gt 

AuTHOiaTYj London^ a Biitidi Authoritya do 
hereby declare this invention to be described 
in the following statement; — 

This invention relates to methods of and 

50 means for radioactivation analysis. 

The concentration of trace elements in a 
base material can often be measured by radio- 
activation analysis, in which the whole sample 
is irradiated witii neutrons and the resultmg 

55 radiations then measured. By using a scintilla- 
tion counter and pulse amplitude analyser 
(kicksorter) to measure gamma rays of a par- 
ticular energy characterististic of each trace 
dement, die radiations can sometimes be 

60 measured selectively widiout the need for 
chemical separation. 

Accurate analysis becomes difficult when the 
range <rf pulse amplitudes selected by die kick- 
sorter includes ^jse of pulses arismg from 

65 radiations <^ the base mateiial. Such pulses 
may arise eitiier (a) &om die continuDus spec- 
trum of recoil electrons concesponding «> the 
<:k)mpton Scattering of higher eneigy gamma- 
rays within the phosphor^ or ^) feom gamma 

70 iBys emitted by odier constituents of the base 
material, whose energies are too dose to the 
required energy to be resolved. 

It has Edready been shown (Pekson, Brit. J. 
Appl. Phys. vol. 6, p. 444, 1955) titiat die 

75 spectrum of recoil electrons can be ehminated 
by observing a source simultaneously wirii 
two scintillation counters^ using NaI(Tl) 
anthracene respectively as .phosphors. By suit- 
able matdiixi^ the output of the anduracene 



counter (which records the recxul spectnmi 80 
ooify^ can be subtracted from that of the 
Na^ri) counter, to leave only die photoelec- 
tric responses of the latter. 

In many practical problems^ the element to 
be analysed is an additive, and samples of the 85 
base material without the additive are avail- 
aible. Assay is simple when the additive can 
be made radioactive before addition, but this 
is not always piracticable. It is an object of 
the present invention to provide a method of 90 
and Tn«ing for determining the concentration 
of a trace element in a base material when 
samples of the base material without the trace 
element^ or samples of die constiment elements 
of the base material^ asre available. 95 

According to the presoit invention a mediod 
of determining the concentration of a speci- 
fied element in the presence of one or more 
other elements comprises deriving simultane- 
ously electrical ouiputs corresponding to the 100 
gamma-ray spectra of a first irradiated sample 
of the mixture of elements including the speci- 
fied element, and of a second irradiated sample 
excluding sdd specified element but including 
at least one of said other donents;, the differ- 105 
ence between said outputs being recorded 
whereby the resultant spectrum effectively iso- 
lates the photoelectric peak or peaks of die 
specified element. 

The second sample may consist of a further 110 
irradiated quantity of an original mixture to 
which the specified element was added Alter- 
natively the second sample may be composed 
of pure irradiated samples ci the constituent 
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elements of the mixture, successively added 
until the photoelectric peak or peaks of the 
specified dement are effectively isolated. 
The concentration of the specified element 

5 may be estimated directly from the height of 
its photoelectric ipeaks> or may be determmed 
by adding a measured amount of die irradi- 
ated trace element to the second sample until 
its peak or peaks are suppressed. 

10 Also according to die present invention, 
means for determining the concentration of 
a specified elemeot in the pieseoce of one or 
mote other elements comprises two similar 
scintillation counters having phosphors with 

15 matched energy resolution and responsive to 
photoelectric absorption, means whereby each 
ci two sources may be kK:ated at a variable dis- 
tance from each of said comters, gammanray 
shielding means whereby radiation from each 

20 source is received by only one of said counters, 
and means whereby the ganmia-ray spectra of 
the two sources are derived simultaneously, 
subtracted and recorded. 
The phosphors may be dialliumhactivated 

25 sodium iodide oystals. 

To enable the nature of the invention to be 
more readily understood, attention is directed 
towards the accompanying drawings 
wherein: — 

30 Hg. 1 is a block schematic diagram of an 
emb^iment of die invention; and 

Figs. 2 and 3 show spectra plotted theie- 
with. 

In Fig. 1 amilar photomultiplier tubes 1 

35 and 2 are shown with ^eir photo-cathodes 
esqposed to similar matdied thaulhim-activated 
isodinm iodide crystals 3 and 4 respectively. 
Ciystals 3 and 4 axe exposed to sources 5 
and 6 respectively whose distance faom thdr 

40 cespecdve crystals can be varied. A gamma- 
ray shield 7 prevents radiation from source 5 
reachmg crystal 4 and radiation from source 
6 reachmg crystal 3. Hie photomultipUers are 
rendered inoperative in turn by a switch 8 

45 which earths their first dynodeSj so that an 
amplifier 9 receives the output of each m 
turn. The switch 8 is operated by a multi- 
vibrator (not shown) which generates a 0.5 sec 
duration square wave. The amplifier output 

50 is f«i to a single-channel pulse amplitude 
analjrser 13 whose discriminator bias is varied 
by a potentiometer ganged to the driving 
mechanism of a recoSpdec IC, The output of 
the kicksorter is connected tiirough a switch 

55 11, operated in syndironism with the switch 
8, to a douHe ratemeter 12. The output of 
this ratemeter is prc^rtional to the difEerence 
between the pulse rates at the two inputs. 
The circuit arrangements following the photo- 

60 muldpliers 1 and 2 are the same as those des- 
cribed by Peirson m the paper akeady referred 
ta 

In operation one of the sources (source 5 



for exam]^) consists of an irradiated sample 
of a mixture of elements including the element 65 
to be determined. In one mediod of determina- 
tion the other source (source 6 in this example} 
consists of an irradiated sample of the same 
mixture excluding the element, the latter hav- 
ing been an addidve to the mixture. The HT 70 
voltages on the two counters are adjusted to 
produce equal pulse amplitudes for gamma- 
rays of equal energies and the source distances 
are adjusted to match coimdng rates. Under 
diese conditions the difference between the 75 
gamma-ray spectra 6[ the two samples plotted 
by the equipment, which is displayed by the 
recorder, consists of the spectrum erf the added 
element only. 

An example of such a measurement is shown 80 
in Fig. 2. The ob^^rt was to determine the 
amount of selenium decolouriser which had 
been added to some glass. Samples of the glass 
wi^ and without the selenium addidve were 
irradiated in a nuclear reactor and their specoa 85 
plotted. The coimter HT*s and source dis- 
tances were adjusted 4d match pidse ampli- 
tudes and counting rates respectively at an 
energy above those of the Se'^ ganmia-rays. 
Curve (c) shows the resultant spectrum smd 00 
curve (d) ^ows by comparison the spectrum 
obtained from a pure Se^^ source. From the 
latter die sdenimn content of the glass (17 
p^pjn.) could be deduced. Curves (a) and (b) 
show the oimttoe spectra of the ^ass con- 95 
taining the amed element and of the glass 
without the added element re^ecdvely, v^iich 
are subtracted to produce the spectrum (c). 
The difference in selenium content as deduced 
from the two individual peaks (at 0.138 and 100 
0.269 MeV) is 5%, indicating that the error 
in balancing is small, though it does intro- 
duce an increased statistical fluctuation. 

A null method of determining the selenium 
content is to add a measured quantity of Se''* 105 
to the balancing source of glass without addi- 
tive until the Se^** peaks <hsappear. 

Fig. 3 illustrates the method by wluch a 
composite soTirce is used to suppress unwaiited 
spectra. Qirve (a) is the reccmi obtained with 
a Hgr"*' source exposed to one of the counters^ 
showing the 0.28 MeV photoelectric peak. 
Without moving the Hg^'*''' source, a Se"" 
source was then added to it. Curve (b) shows 
the resulting composite spe^trum^ in which the 115 
0.27 AleV peak of the Se'" is superimposed, 
completely obliterating the Hgr**" peak. 
Another Ss"" source was then applied to the 
second counter and balance cSjtained by 
adjusting the source distance until the 0.45 120 
MeV Se^" peak disappeared. Curve (c) shows 
the Hg^°" peak as it appeared after subtraction. 
Agreement between areas under the Hg^^** 
poiks is within 7%. The method may be 
extended to suppress several unwanted ^)ectra 125 
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by introducmg successive pure samples at the S. C BARTLETT^ 

balancing counter. Chartered Patent Agent, 

Agent for Applicants. 

Leamington Spa: Fnnted for Her Mio'esty's Stationeiy Office^ hy the Ck>uiier Press. — ^1959. 
Published at The Patent Office, 25, Souehas^ton Buildings, London, W.C% from wliich 
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